Hemophilia A is one of the most common bleeding disorders in man. Approximately half the families with a severe disease have an inversion of the factor VIII gene. The inversion may be detected with a long polymerase chain reaction. This is a simple and reproducible method that may yield satisfactory results in approximately 24 hours. The long-distance polymerase chain reaction amplify three very large amplicons with a very GC-rich region of several kilobases, and is detected with a Expand Long Template DNA polymerase (Roche, Mannheim, Germany). Recently this polymerase has been changed with a new chemical composition. The object of the present method is to standardize the technique using the new Expand Long polymerase. For the new protocol, the cycling conditions, the concentration of nucleotide primers, and the buffer are changed. The need for a rapid response is determined in the case of hemophilia A patients, not only by the desire to reach a proper classification, but also by the urgency to inform the carrier status of the mother or of a female relative.
Hemophilia A is one of the most common bleeding disorders in man. It is caused by a large number of mutations in the factor VIII gene. This is a large gene located in Xq28. It contains 26 exons and is 186 kb in length. Approximately half the families with severe disease (FVIII clotting activity of less than 1%) have an inversion of the factor VIII gene (1) . The inversion may be detected by a long polymerase chain reaction (PCR) (2) . This is a simple and reproducible method that allows to achieve the genetic diagnosis of inversion causing hemophilia A in approximately 24 hours. The long-distance PCR (LD-PCR) amplifies three very large amplicons typical of inversion intron 22 factor VIII gene (10, 11, and 12 Kb) with a very GC-rich region of several kilobases. The quality of the genomic template is very important for the performance of PCR. Recently, the Expand Long Template DNA polymerase (Roche, Mannheim, Germany) has been changed with a new chemical composition of both the three buffers and the enzyme mix. The object of this article is to standardize the technique using the new Expand Long polymerase.
MATERIALS AND METHODS
Blood samples are drawn from fasting patients. Nine milliliters of whole blood was anticoagulated with 1 mL of sodium citrate (3.8%); after centrifugation at 3000 X g for 15 minutes, aliquots of separated plasma are frozen at -40°C. Genomic DNA is extracted from peripheral blood leukocytes by QIAmp DNA blood mini kit (Qiagen, Hilden, Germany) following the manufacture's procedure.
The quantity of template DNA is critical (200-350 ng for 50 µL of volume of PCR seem adequate, more DNA cannot amplify) and two separate master mixes are recommended. For the new protocol, the concentrations of primers and the buffer are changed for a final volume of 50 µL. The compositions of the reaction mixes are presented in Tables 1 and 2. The PCR comprised 94°C for 2 minutes, 10 cycles of 94°C for 12 seconds, 65°C for 30 seconds, 68°C for 12 minutes, then 25 cycles of 94°C for 12 seconds, 65°C for 30 seconds, 68°C for 12 minutes, and increasing the 68°C step by 20 seconds per cycle. 
RESULTS
Results are summarized in Figures 1 and 2 . Different concentrations of DNA and different concentrations of MgCl 2 were used (Fig. 1) . Studies were carried out on DNA obtained from two normal subjects ( Fig. 1) and on DNA obtained from a patient with hemophilia A with inversion intron 22 and from a carrier of inversion intron 22 (Fig. 2) .
Samples that were amplified properly in the long PCR system contained high-molecularweight DNA. We have noticed no change using different thermocyclers, including Gene Amp 2400-2700-9700 Applied Biosystems (Foster City, CA).
DISCUSSION
In blood coagulation, the ideal laboratory test should be rapid and reliable. The need for a rapid response is determined, in the case of patients with hemophilia A, not only by the desire to reach a proper classification, but also by the urgency to inform the carrier status of the mother or of a female relative. This is particularly so in the case of sporadic hemophilia A cases. The gold standard method for the detection of inversion is the Southern blot technique. Unfortunately, this is time consuming, laborious and requires the use of radioactive material. Therefore, the proper standardization of a simple method is of great importance (3) (4) (5) (6) . In the past, the new standard long-PCR system did not yield completely reliable results. The modifications with respect of standard long PCR that used only taq allows longer primer extension and better results in approximately 24 hours. The new method proposed by Liu and colleagues combines overlapping PCR with long-distance PCR. The polymerase mixture is designed to obtain a high yield of PCR product from genomic DNA. The technique seems particularly suited to amplify genomic DNA fragments up to 22 kb.
The inversion in patients with hemophilia A results from a "hotspot" recombination between a 9.5-kb region of intron 22 and either of two ex- tragenic distal homologous regions. The 9.5-kb region seemed in the past refractory to standardize PCR amplification. This appears to have been overcome by the use of the four primers of the modified long PCR. It is also important to note that the modified PCR allows good results even with very small amounts of genomic DNA, much less than that commonly needed for Southern blot analysis. This is an additional advantage of the modified long PCR with respect to other methods. In conclusion, the modified long PCR system represents a valuable diagnostic procedure for the detection of intron 22 inversion in severe hemophilia A.
FIG. 2.
Pattern in a severe hemophilia A patient with inversion intron 22 (line 1) and in his mother carrier (line 2). Note the two band (10 and 11 kb) in hemophilic patient and the presence of three bands (10, 11, and 12 kb) in the carrier. 
